We demonstrate the potential use of machine learning approaches in elucidating new insights into a biological response. Supervised machine learning methods are methods that group expression profiles into one of several known categories through comparison with known examples. Examples of supervised machine learning include logistic regression, neural networks, decision trees and linear discriminant analysis. The method we employ here is a version of linear discriminant analysis modified to cope with high-dimensional data. We used the publicly available NCBI60 cancer cell line microarray expression database as reported by Schref and colleagues 1 ; this diverse data set includes samples from nine different tissue types. These cell lines were separated into high and low expressers of the Von Hippel Lindau gene (VHL). The VHL protein product is a critical regulator of the hypoxic response; it targets the hypoxia inducible factor 1-alpha (HIF-1a) transcription factor for proteasome-mediated degradation. We examined the features that the supervised machine learning algorithm used for classification and conjectured that they might be genes that are regulated at the level of transcription by HIF-1a. Many of these genes were already known HIF-1a target genes; others were genes known to be expressed under hypoxic conditions. Supervised machine learning methods succeed here where traditional unsupervised clustering methods may fail. The phenomenon studied here is restricted to a handful of genes, whose expression patterns may be masked by the tissue-specific profiles that will dominate in clustering.
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[42] Thymidylate synthase (TS) is a key enzyme in the synthesis of DNA and the target enzyme of 5-fluorouracil, the most widely used chemotherapeutic agent for colon cancer. The expression of TS messenger RNA or protein reportedly predicts overall survival for colon cancer patients and correlates with resistance to 5-fluorouracil. Because the gene encoding TS is thought to be one of the target genes bound to and regulated by the E2F1 transcription factor, it was of interest to measure TS and E2F1 gene expressions in primary colon cancer specimens. We found that TS expression correlates closely with E2F1 expression in colon cancer specimens. Moreover, this correlation was observed in all tumors, regardless of clinical stage. These results suggest that the ability of a tumor to increase TS expression may be due to an over-expression of E2F1, and they provide new insights into the molecular mechanisms underlying the regulation of TS expression in colon cancers.
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High-throughput genomic analysis of small-cell lung cancer: allelotyping using Affymetrix HuSNP arrays 
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An understanding of the global patterns of loss of heterozygosity in a neoplasm is achieved by analysis of polymorphic markers, or allelotyping, which is essential for both identification of new tumor suppressor genes and cancer classification. Although analysis of simple sequence length polymorphisms is a reliable method for loss of heterozygosity analysis, detailed allelotyping studies require more efficient methods and a denser set of genetic markers. We performed high-throughput allelotyping on small-cell lung cancer tissue using Affymetrix single-nucleotide polymorphism (SNP) microarrays. Our proof-of-principle experiments demonstrated that SNP array hybridization is an accurate (approximately 95.4% on the basis of validation experiments) method for rapidly evaluating genome-wide tumor allelic imbalance (primarily loss of heterozygosity) at high marker density. The SNP array data were consistent both with previous analyses based on simple sequence length polymorphisms and with comparative genomic hybridization data for the same samples. Taken together, these experiments have demonstrated that SNP array hybridization is an especially promising technique for a wide array of tumor allelotyping applications. Increased numbers of mapped SNPs and technical improvements to extend the range of samples that can be analyzed should further increase the utility of this already powerful method. Current technological modifications include reducing required sample input to 5 ng for a full allelotyping and utilization of archival paraffin-embedded tissue samples, for which clinical outcome data are available.
